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Aspergillus fumigatus (Af) frequently colonizes the respiratory tract of patients with cystic fibrosis (CF). Af is associated with loss of pulmonary function and allergic bronchopulmonary aspergillosis (ABPA), a hypersensitivity fungal lung disease. Environmental factors have impact on CF patients’ lung function variation. The aim of this nationwide questionnaire survey was to investigate the amount of CF patients with frequent pet contact including pet species and to examine the potential impact of frequent pet contact on the occurrence of Af colonization and ABPA diagnosis in these patients. The survey was carried out in 31 German CF centers in 2018. A total of 1232 who completed the surveys were included, and statistical analysis was performed by chi-squared test. Within the study cohort 49.8% of subjects (n = 614; CF patients < 18years: 49.4%, n = 234; ≥ 18years: 50.1%, n = 380) reported frequent contact to pets, of which 60.7% reported frequent contact to dogs, 42.3% to cats and other animals. Of those with frequent pet contact, 71.8% (n = 441) had contact to one pet or more pets from the same family. Af colonization was not significantly associated with frequent pet contact. ABPA diagnosis was documented in 16.7% (n = 206) of all included CF patients and was significantly associated with frequent pet contact (18.9%, n = 116, p = 0.042), confirming previous single center examinations. Particularly, patients with frequent contact to dogs showed an increased ABPA prevalence of 21.3%. Frequent pet contact might be a risk factor for ABPA. CF patients who are sensitized to Af should be informed about the increased risk to develop an ABPA by frequent pet contact. Patients with recurrent onset of ABPA should be evaluated in terms of frequent pet contact.
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Introduction

Cystic fibrosis (CF) is a life-limiting recessive genetic disease. Mucus retention, chronic infections and inflammation in the airways lead to progressive respiratory impairment (Elborn, 2016). Beside bacterial species, fungal colonization is commonly observed in the respiratory tract of patients with CF (Ziesing et al., 2016). Aspergillus fumigatus (Af) is the most common filamentous fungus in CF (Ziesing et al., 2016; Schwarz et al., 2018). Af colonization is more common in adolescence and adulthood (Pihet et al., 2009; Warris et al., 2019). The respiratory tract of 10.3 to 60 % of CF patients is colonized by Af (Pihet et al., 2009; Ziesing et al., 2016; Warris et al., 2019; Hong et al., 2020). The presence of this environmental filamentous fungus in CF sputum is associated with worse respiratory quality of life (Hong et al., 2020). Inhaling Af spores into the lungs may cause multiples diseases including invasive pulmonary aspergillosis, aspergilloma (Mousavi et al., 2016) and growth of Af hyphae within the bronchial lumen triggers an immunoglobulin E (IgE)-mediated hypersensitivity response that results in airway inflammation, bronchospasm, and bronchiectasis (Armstead et al., 2014; Janahi et al., 2017). ABPA has a distinct Th-2 mediated pathophysiology and is associated with accelerated lung function decline (Tracy et al., 2016; Hong et al., 2020). ABPA is a frequent event in patients with CF (Tracy et al., 2016), with an age dependent occurrence (Maleki et al., 2020) and a prevalence of 3 to 25 % (Mastella et al., 2000; Patel et al., 2019; Maleki et al., 2020). Differences on reported rates of Af colonization and ABPA diagnosis might be influenced by regional variation in environmental load of Af, therapeutic regimes, seasonal or annual variation, the origin of samples (Ziesing et al., 2016). ABPA is challenging to diagnose and remains underdiagnosed in many patients (Janahi et al., 2017). ABPA is associated with increased lung function decline, more frequent hospitalizations and significant CF morbidity (Maturu and Agarwal, 2015; Keown et al., 2019). 45% of households in Germany have pets (Heimtierhaltung, 2018). Human contact with cats, dogs, and other pets results in several million pet-related infections each year. These parasitic, fungal, bacterial, viral or arthropod dependent infections range from self-limiting skin conditions to life-threatening systemic illnesses (Rabinowitz et al., 2007). Environmental factors have been shown to impact respiratory health. Exposure to environmental allergens like pet dander has been associated to worse respiratory outcome in other lung diseases such as asthma and pets may be potential sources for methicillin-resistant Staphylococcus aureus (MRSA) infection (Morrow et al., 2014). With regard to CF, case reports describe interspecies transmission of Pseudomonas aeruginosa (Mohan et al., 2008) and Bordetella bronchiseptica (Ner et al., 2003; Register et al., 2012) between pet cat/pet dog and CF patients. Furthermore, questionnaire data highlighted the association between cat ownership and higher frequency of nasal polyps as well as combined cat–dog ownership and higher rate of wheezing in CF patients (Morrow et al., 2014). The ubiquitous fungus Af possesses versatile features enabling them to survive in various environmental conditions, with a wide range of hosts including humans and animals (Mousavi et al., 2016). Retrospective single center data analysis reveals that ABPA is associated with pet ownership in CF (Thronicke et al., 2016). Therefore, pet ownership might pose a potential risk to patients with CF. From the perspective of preventive medicine, reservoirs of Af and the potential origin of infection in CF patients should be evaluated. Because of the difficulties of recognizing ABPA in the context of CF, due to overlapping clinical, radiographic, microbiologic and immunologic features (Stevens et al., 2003), advances in the understanding of possible risk factors may have a positive effect on patient prognosis. Limited work has been done examining fungal infections in CF regarding frequent pet contact. This questionnaire survey was conducted to determine frequent pet contact and pet species in CF, to examine the relationship between frequent pet contact and Af colonization as well as ABPA diagnosis in children and adult patients with CF.



Materials and Methods


Design and Development

This questionnaire survey was conducted at 31 German CF centers in 2018. The target population was patients with CF living in Germany. CF patients were recruited by their CF center team during their hospital stay independent of age and clinical status. Participation was voluntary. Ethical aspects were considered, and approval for the study was gained by the Ethics Committee of the Charité–Universitätsmedizin Berlin (EA2/057/18).

The questionnaire “Risk factors for Af infection in CF patients” included several items, which are not documented in the medical data base German Cystic Fibrosis Registry. Contact to pets (during last 12 months; several times per week, no/rare contact) and pet species were queried per questionnaire beside patient’s age (years) and sex (male, female, intersex), Af colonization within the last 12 months (negative, positive, multiple positive tests, unknown) and history of ABPA (negative, positive, unknown). For a positive of Af colonization within the 12 month of observation period, at least one positive microbiological indication was required. The ABPA diagnosis was determined in every single CF center and was based on the minimal 2003 Cystic Fibrosis Foundation (CFF) consensus criteria (Stevens et al., 2003). No other Af associated phenotypes were considered. Besides Af, no other Aspergillus spp. were included. Behavioral patterns, hygiene routines, onset, or history of pet contact and clinical data were not investigated. Only the part with respect to pet contact has been separately analysed for this manuscript. The questionnaire was sent to 94 CF treating centers in Germany in 2018 and data of 1,477 patients have been received from 31 CF centers.



Statistical Analysis

Only completed questionnaires with distinct information on Af colonization, ABPA diagnosis and contact to pets were included in the final analysis. Frequent pet contact was defined as contact to animals/pets several times per week. Patients with no or rare animal/pet contact, i.e. less than once a week, were categorized as “no pet”. In the analysis, it was not distinguished whether the patients had contact to one animal or several animals of one species (e.g. fish). No scientific classifications were included for pets. In some cases, no further pet specifications were available, e.g. fish/aquarium, bird, reptile, or wild animal. Prevalence determination for single animal species was only performed for dogs and cats, due to case numbers. Means and standard deviations were calculated metrical variables. Frequency and percentage were used for categorical variables. Associations of categorical variables were analyzed with chi-square test. Since the study is exploratory no level of significance is specified, and the p-values are not Bonferroni adjusted. A p-value ≤0.05 is considered to be significant even if the first kind familywise error rate is not bounded by 5%. All figures were created using Graphpad Software, Inc. GraphPad Prism 8.4.0. All statistical analyses were performed using IBM SPSS Statistics Version 24 and Graphpad Software, Inc. GraphPad Prism 8.4.0.




Results

A total of 1232 completed questionnaires were analyzed. Patients’ characteristics were shown in Table 1. 600 patients with CF (48.7%) were female. The mean age was 23 ± 14 years. Prevalence of 29.9% was found for Af and was significantly higher in adult patients (36.9%) compared to patients <18 years (18.6%; p < 0.001). Prevalence of 16.7% was found for ABPA. Likewise Af colonization, significantly higher values were observed in adults (22.7%) compared to children (7.2%; p < 0.001). N = 614 (49.8%) of the CF patients had frequent contact to pets. Among those, 234 patients were <18 years and 380 patients were ≥18 years of age. No difference was obtained in the frequency of frequent contact to pets in children (49.4%) and adults (50.1%; p = 0.794; Table 1).


Table 1 | Patients characteristics.



Of those with frequent contact to pets, 71.8% (n = 441) had contact to one pet (or more pets from the same family, e.g. fish; Table 2), 18.7% (n = 115) had contact to two pets and 7.0% (n = 43) had frequent contact to three up to five different pets. The animals mentioned in the questionnaire were listed in Table 2. The majority of CF patients had frequent contact to dogs (60.7%) and cats (42.3%), followed by horses and rabbits (Table 2).


Table 2 | Pet contact in CF.



The association of Af colonization with frequent pet contact missed significance (no pet n = 175; 28.3 %; Figure 1A). Af prevalence was similar for CF patients with frequent contact to pets (n = 193; 31.4 %; p = 0.232), with contact only to a single pet (n = 135; 30.6 %; p = 0.418), only dog pets (n = 71; 29.6 %; p = 0.713) or cat pets (n = 49; 32.2 %; p = 0.629; Figure 1A). In children a non-significant increase from 17.1 % (n = 41) to 20.1 % (n = 47) of Af colonization was observed in the context of frequent pet contact (p = 0.401; Figure 1A). In adults, Af prevalence increased from 35.4 % (no pet n = 134) to 38.2 % (pet contact  n = 146), without reaching any significance (p = 0.397; Figure 1A).

ABPA was significantly more pronounced in patients with frequent pet contact (no pet n = 90; 14.6 %; pet contact n = 116; 18.9 %; p = 0.042; single pet n = 87; 19.7 %; p = 0.026; Figure 1B), in patients with frequent contact only to dogs (n = 51; 21.3 %; p = 0.018) and in adult patients with frequent pet contact (no pet n = 73; 19.3 %; pet contact n = 99; 26.1 %; p = 0.027; Figure 1B). No significant difference for ABPA diagnosis was observed in patients <18 years with frequent pet contact (no pet n = 17; 7.1 %; pet contact n = 17; 7.3 %; p = 0.939) and for patients with frequent contact only to cats (n = 25; 16.4 %; p = 0.559; Figure 1B). 




Figure 1 | Af colonization and ABPA diagnosis in CF patients with or without frequent contact to pets. (A) Af colonization (light gray) and (B) ABPA diagnosis (dark gray) were shown for all included CF patients with no frequent pet contact (−), with frequent pet contact to one or more (++) different pets, with contact to only one pet (+), and with frequent contact to dogs only or cats only. Bars without fill pattern represent all included patients with CF. Dotted bars represent children aged under 18 years and striped bars represent adult patients ≥18 years. Significance levels of *p < 0.05 were compared to controls with no frequent pet contact. Statistical analysis was performed with chi-square test. Data are shown as absolute numbers.





Discussion

The present study explores frequent contact to pets, Af colonization and ABPA diagnosis in CF patients. 1232 patients with CF were included in the analysis. Af was documented in 368 and ABPA in 206 CF patients, both with significantly higher occurrence in adult individuals. Frequent pet contact was not found to be associated with Af colonization but was significantly associated with ABPA. Notably, the rate of frequent pet contact was similar in children and adult patients with CF. Our findings contribute to the limited literature on frequent pet contact and fungal infections in CF. A retrospective single centre analysis, including 55 pet owners, examined the association of ABPA with pet ownership (Thronicke et al., 2016). Due to the limited sample size, no correlation for ABPA (11 cases) in various pet groups were found (Thronicke et al., 2016). A wide range of animal species is kept as pets by CF patients, with dogs (60.7%) and cats (42.3%) as the most frequent ones (Table 2). This trend corresponds to the general tendency published elsewhere (Damborg et al., 2016). Environmental factors have been shown to impact respiratory health in CF (Morrow et al., 2014). After parasitic infections, fungal skin infections from cats and dogs are probably the most common pet-associated diseases (Rabinowitz et al., 2007). Case reports describe interspecies transmission of bacteria between cats/dogs and CF patients (Ner et al., 2003; Mohan et al., 2008; Register et al., 2012). Morrow et al. investigated cat and dog exposure in 703 CF patients (Morrow et al., 2014): 47.2% reported dog, and 28.1% reported cat ownership (Morrow et al., 2014). Combined cat–dog ownership was associated with wheezing, but no differences in lung function, self-reported environmental allergies, or ABPA were reported (Morrow et al., 2014). Here, a significant association between frequent contact to dogs and ABPA was observed (Figure 1). Due to missing information in the questionnaire, we cannot distinguish between different dog breeds or short/long haired dogs. Pet dogs have been considered to be involved in the contamination of indoor air by serving as a source of providing molds at houses (Jang et al., 2007). Both from skin and hairs, Aspergillus spp. was the most commonly found genus in dogs with isolation rates of 25% (Jang et al., 2007). Due to sample size limitations, other single pet groups were not included in statistical analysis (Table 2). In contrast to frequent pet contact, Af colonization and ABPA diagnosis were significantly pronounced in adult CF patients in this study (Table 1). In this nationwide, multicenter sample of CF patients, 49.8% reported to have frequent pet contact, mostly with one pet or pets from the same family (Table 1). This is slightly higher than documented in the general German population (45%) (Heimtierhaltung, 2018). Maybe, this circumstance is due to the fact, that frequent contact to pets has been associated with both emotional and physical health benefits (Carmack, 1991; Hemsworth and Pizer, 2006) especially in chronic illness and long-term conditions (Brooks et al., 2013). Furthermore, potential bias could result from particular interest of patients with frequent pet contact to participate in this study. Domesticated animals can affect the indoor microbiome by introducing exogenous microbial members into buildings (Leung and Lee, 2016). Pets may also act as vectors for various infectious agents (Rabinowitz et al., 2007). Close contact between pets and people offers favorable conditions for transmission by direct contact (e.g. petting, licking) or indirectly through contamination of domestic environments (Damborg et al., 2016). Even asymptomatic animals may transmit infections (Rabinowitz et al., 2007). To identify the reservoirs of Af, and thus a possible origin of infection in patients (Pihet et al., 2009) health care professionals should actively enquire about household pets and provide accurate information and practical advice on how to minimize the risk of infection (Hemsworth and Pizer, 2006; Rabinowitz et al., 2007). Although few studies have assessed the effectiveness of such measures, specific prevention guidelines involve common-sense measures, such as adequate handwashing and proper disposal of animal waste (Rabinowitz et al., 2007). Regarding high risk patients (e.g. immunocompromised patients including organ transplant recipients), contact with reptiles, including turtles, lizards, snakes as well as exotic and sick pets should be avoided (Rabinowitz et al., 2007). However, the benefits of the human-animal bond must be considered. Health care providers should be sensitive to the emotional attachment between patients and their pet and the psychological benefits of frequent pet contact (Carmack, 1991). With proper handling immunocompromised patients should be able to continue enjoying the significant benefits of frequent pet contact (Hemsworth and Pizer, 2006). In contrast to other studies (Morrow et al., 2014; Thronicke et al., 2016) the intensity of contact to pets was assessed and was defined as frequent contact, several times per week. This was implemented since the development of Af disease conditions is dependent on prolonged pathogen–host-interactions (Mousavi et al., 2016). Furthermore, a large sample size of 614 patients with frequent pet contact, including different age groups, was analyzed, and the number and species of pets present in the household was documented. The most significant limitation of our study is the absence of clinical data like lung function, serological markers, or allergy measures. Survey associated bias has to be considered. Moreover, the common behavioral patterns and hygiene routines associated with contact to pets were not enquired. Finally, the onset of pet exposure or history of pet contact was not collected. The potential influence of other environmental factors like different residential area types, will be discussed in detail in a separate article of this thematic special issue (see “Urban life as risk factor for aspergillosis”). Frequent contact to pets should be queried actively during clinical visits, and CF patients should be informed about the risk to develop an ABPA. Especially CF patients with recurrent onset of ABPA should be examined in terms of frequent contact to pets.



Conclusion

Frequent pet contact might be a risk factor for ABPA in patients with CF. These results should be included in patient guidance and preventive measures, especially for Af sensitized patients or patients with recurrent ABPA.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the Charité–Universitätsmedizin Berlin (EA2/057/18). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

CG, PE, ST, UD, KN, and CS contributed to the conception and design of the study. UD and CG organized the database. KN and CG performed the statistical analysis. CG, PE, ST, UD, KN, and CS wrote the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the German Federal Ministry of Education and Research (BMBF) – Project InfectControl 2020 (“Art4Fun”, 03ZZ0813E).



Acknowledgments

We would like to thank all participating patients and members of the CF centers involved in this study and the Art4Fun working group. We acknowledge support from the German Research Foundation (DFG) and the Open Access Publication Fund of Charité–Universitätsmedizin Berlin.



References

 Armstead, J., Morris, J., and Denning, D. W. (2014). Multi-country estimate of different manifestations of aspergillosis in cystic fibrosis. PloS One 9 (6), e98502. doi: 10.1371/journal.pone.0098502

 Brooks, H. L., Rogers, A., Kapadia, D., Pilgrim, J., Reeves, D., and Vassilev, I. (2013). Creature comforts: personal communities, pets and the work of managing a long-term condition. Chronic Illn. 9 (2), 87–102. doi: 10.1177/1742395312452620

 Carmack, B. J. (1991). The role of companion animals for persons with AIDS/HIV. Holist. Nurs. Pract. 5 (2), 24–31. doi: 10.1097/00004650-199101000-00007

 Damborg, P., Broens, E. M., Chomel, B. B., Guenther, S., Pasmans, F., Wagenaar, J. A., et al. (2016). Bacterial Zoonoses Transmitted by Household Pets: State-of-the-Art and Future Perspectives for Targeted Research and Policy Actions. J. Comp. Pathol. 155 (1 Suppl 1), S27–S40. doi: 10.1016/j.jcpa.2015.03.004

 Elborn, J. S. (2016). Cystic fibrosis. Lancet 388 (10059), 2519–2531. doi: 10.1016/S0140-6736(16)00576-6

 Heimtierhaltung (2018). Heimtierhaltung [Online]. Industrieverband Heimtierbedarf e.V. Available at: https://www.ivh-online.de/de/der-verband/daten-fakten/archiv.html (Accessed August 19th, 2020 2020).

 Hemsworth, S., and Pizer, B. (2006). Pet ownership in immunocompromised children–a review of the literature and survey of existing guidelines. Eur. J. Oncol. Nurs. 10 (2), 117–127. doi: 10.1016/j.ejon.2005.08.001

 Hong, G., Alby, K., Ng, S. C. W., Fleck, V., Kubrak, C., Rubenstein, R. C., et al. (2020). The presence of Aspergillus fumigatus is associated with worse respiratory quality of life in cystic fibrosis. J. Cyst. Fibros. 19 (1), 125–130. doi: 10.1016/j.jcf.2019.08.008

 Janahi, I. A., Rehman, A., and Al-Naimi, A. R. (2017). Allergic bronchopulmonary aspergillosis in patients with cystic fibrosis. Ann. Thorac. Med. 12 (2), 74–82. doi: 10.4103/atm.ATM_231_16

 Jang, K. S., Yun, Y. H., Yoo, H. D., and Kim, S. H. (2007). Molds isolated from pet dogs. Mycobiology 35 (2), 100–102. doi: 10.4489/MYCO.2007.35.2.100

 Keown, K., Abbott, S., Kuzeljevic, B., Rayment, J. H., Chilvers, M. A., and Yang, C. L. (2019). An investigation into biomarkers for the diagnosis of ABPA and aspergillus disease in cystic fibrosis. Pediatr. Pulmonol. 54 (11), 1787–1793. doi: 10.1002/ppul.24465

 Leung, M. H., and Lee, P. K. (2016). The roles of the outdoors and occupants in contributing to a potential pan-microbiome of the built environment: a review. Microbiome 4 (1), 21. doi: 10.1186/s40168-016-0165-2

 Maleki, M., Mortezaee, V., Hassanzad, M., Mahdaviani, S. A., Poorabdollah, M., Mehrian, P., et al. (2020). Prevalence of allergic bronchopulmonary aspergillosis in cystic fibrosis patients using two different diagnostic criteria. Eur. Ann. Allergy Clin. Immunol. 52 (3), 104–111. doi: 10.23822/EurAnnACI.1764-1489.121

 Mastella, G., Rainisio, M., Harms, H. K., Hodson, M. E., Koch, C., Navarro, J., et al. (2000). Allergic bronchopulmonary aspergillosis in cystic fibrosis. A European epidemiological study. Epidemiologic Registry of Cystic Fibrosis. Eur. Respir. J. 16 (3), 464–471. doi: 10.1034/j.1399-3003.2000.016003464.x

 Maturu, V. N., and Agarwal, R. (2015). Prevalence of Aspergillus sensitization and allergic bronchopulmonary aspergillosis in cystic fibrosis: systematic review and meta-analysis. Clin. Exp. Allergy 45 (12), 1765–1778. doi: 10.1111/cea.12595

 Mohan, K., Fothergill, J. L., Storrar, J., Ledson, M. J., Winstanley, C., and Walshaw, M. J. (2008). Transmission of Pseudomonas aeruginosa epidemic strain from a patient with cystic fibrosis to a pet cat. Thorax 63 (9), 839–840. doi: 10.1136/thx.2007.092486

 Morrow, C. B., Raraigh, K. S., Green, D. M., Blackman, S. M., Cutting, G. R., and Collaco, J. M. (2014). Cat and dog exposure and respiratory morbidities in cystic fibrosis. J. Pediatr. 165 (4), 830–835.e832. doi: 10.1016/j.jpeds.2014.05.046

 Mousavi, B., Hedayati, M. T., Hedayati, N., Ilkit, M., and Syedmousavi, S. (2016). Aspergillus species in indoor environments and their possible occupational and public health hazards. Curr. Med. Mycol. 2 (1), 36–42. doi: 10.18869/acadpub.cmm.2.1.36

 Ner, Z., Ross, L. A., Horn, M. V., Keens, T. G., MacLaughlin, E. F., Starnes, V. A., et al. (2003). Bordetella bronchiseptica infection in pediatric lung transplant recipients. Pediatr. Transplant. 7 (5), 413–417. doi: 10.1034/j.1399-3046.2003.00074.x

 Patel, A. R., Patel, A. R., Singh, S., Singh, S., and Khawaja, I. (2019). Diagnosing Allergic Bronchopulmonary Aspergillosis: A Review. Cureus 11 (4), e4550. doi: 10.7759/cureus.4550

 Pihet, M., Carrere, J., Cimon, B., Chabasse, D., Delhaes, L., Symoens, F., et al. (2009). Occurrence and relevance of filamentous fungi in respiratory secretions of patients with cystic fibrosis–a review. Med. Mycol. 47 (4), 387–397. doi: 10.1080/13693780802609604

 Rabinowitz, P. M., Gordon, Z., and Odofin, L. (2007). Pet-related infections. Am. Fam. Physician 76 (9), 1314–1322.

 Register, K. B., Sukumar, N., Palavecino, E. L., Rubin, B. K., and Deora, R. (2012). Bordetella bronchiseptica in a paediatric cystic fibrosis patient: possible transmission from a household cat. Zoonoses Public Health 59 (4), 246–250. doi: 10.1111/j.1863-2378.2011.01446.x

 Schwarz, C., Bouchara, J. P., Buzina, W., Chrenkova, V., Dmenska, H., de la Pedrosa, E. G. G., et al. (2018). Organization of Patient Management and Fungal Epidemiology in Cystic Fibrosis. Mycopathologia 183 (1), 7–19. doi: 10.1007/s11046-017-0205-x

 Stevens, D. A., Moss, R. B., Kurup, V. P., Knutsen, A. P., Greenberger, P., Judson, M. A., et al. (2003). Allergic bronchopulmonary aspergillosis in cystic fibrosis–state of the art: Cystic Fibrosis Foundation Consensus Conference. Clin. Infect. Dis. 37 Suppl 3, S225–S264. doi: 10.1086/376525

 Thronicke, A., Heger, N., Antweiler, E., Krannich, A., Roehmel, J., Brandt, C., et al. (2016). Allergic bronchopulmonary aspergillosis is associated with pet ownership in cystic fibrosis. Pediatr. Allergy Immunol. 27 (6), 597–603. doi: 10.1111/pai.12590

 Tracy, M. C., Okorie, C. U. A., Foley, E. A., and Moss, R. B. (2016). Allergic Bronchopulmonary Aspergillosis. J. Fungi (Basel) 2 (2), 17. doi: 10.3390/jof2020017

 Warris, A., Bercusson, A., and Armstrong-James, D. (2019). ). Aspergillus colonization and antifungal immunity in cystic fibrosis patients. Med. Mycol. 57 (Supplement_2), S118–S126. doi: 10.1093/mmy/myy074

 Ziesing, S., Suerbaum, S., and Sedlacek, L. (2016). Fungal epidemiology and diversity in cystic fibrosis patients over a 5-year period in a national reference center. Med. Mycol. 54 (8), 781–786. doi: 10.1093/mmy/myw035



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Grehn, Eschenhagen, Temming, Düesberg, Neumann and Schwarz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb.2020.601821_cover.jpg
, frontiers

in Cellular and Infection Microbiology

Frequent Pet Contact as Risk Factor
for Allergic Bronchopulmonary
Aspergillosis in Cystic Fibrosis





OEBPS/Images/fcimb-10-601821-g001.jpg
>

1% =3 Afcolonization
; 2 o
g
g, 50 ™
3 o
o v
1 -

0-
Foqert e B B s e - e
i =

S e S

.

780: . = ABPA
. . =
£ .
5 500 .
2] P
ég 20 & -
i n HH

, I
ot ORI e
pet contact o

S o






OEBPS/Images/logo.jpg
’ frontiers
in Cellular and Infection Microbiology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Frequent Pet Contact as Risk Factor for Allergic Bronchopulmonary Aspergillosis in Cystic Fibrosis

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Design and Development

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Al CF patients: CF patients <18 years F patients > 18 years P value
1232 1000% 74 @5%) 758 61.5%)
Fomalosax. () 600 (48.7%) 206 498%) 04 gam) oo
Age (yeas), mean + SO (ange) 232140069 925047 sLeio0s9y
Af coonizatn, n (%) 68299% €8 186%) 20069% <0001
AEPA0 (4) 206(67% 34(1.2%) 172 @27%) <000t
Frequent contact to pets, 0 (%) 614 498% 234 (49.4%) 380 (50.19%) 0794






OEBPS/Images/table2.jpg
Inclucing al F patients with frequent contact topets,  Only CF patients included with frequent contact toa single pot

independont ofthe number of diflront pets (multple choicos. or pets from one category (no mtiple choices)
possivle)n =614 n=as1
Number of CF patients,  Af colonization,  ABPA,  Number of CF patients,  Af colonization,  ABPA,
06 (%) 0% ne%) ) %)
Dog, cat
0% 37360.7%) 18EISK  70(187%) 240 (54.4%) 7iEeeN)  51@13%)
cat 260 42:3%) 254 40(154%) 152 04.7%) aop2a%)  25163%)
Rabbit,rodont” 68(11.1%) 2t s 20(5.4% 9 2
Horse, cattc, shoop, goat 8075% e i 9@0% 1 B
Reptic, amphibian, spider” 26(42% n o 6014% s 4
Birc 1829% 7 4 70.6%) 0 1
Fish® 10(1.6% 2 1 205% o o
Othor* 203% 1 1 o o o

“Rabit, Hamstr, Gunea i, Gebi, Mouso, Crincta.
“Tortose, Frog Repte (v fther specication, Chamelson, lguans, Lzar, New, Sk, Spier
Budgaga, Bt 0 e specicaton), Cicen, Duck, 7o,

i, Aquaiam (o urer spocticaton), ShirgsPraun.

Fiachation. W avinel ho fiher doaciioasttl





